M esial temporal lobe epilepsy is usually resistant to medical management; 8 for those resistant cases, surgical intervention has been proven to be effective. 20, 25 The aim of surgery is resection of the mesial structures of the temporal lobe with minimal complications and no deaths. Although several studies of MTLE surgery indicate that seizures are resolved for as many as 75%-90% of adequately chosen candidates, 12, 14, 19, 25 misconceptions and stigmas surrounding epilepsy surgery prevent referral of some patients for early treatment. Schemes for mesial temporal lobe surgery have evolved over the past 20 years. Approaches, exposures, and corridors have changed as neuroimaging, surgical navigation systems, and knowledge of temporal lobe anatomy have improved. Each approach has its own advantages and consequences. In addition, recent advances in technology have resulted in multimodal approaches to the control of epilepsy, such as Gamma Knife radiosurgery 1,2 and laser ablation therapy.
M esial temporal lobe epilepsy is usually resistant to medical management; 8 for those resistant cases, surgical intervention has been proven to be effective. 20, 25 The aim of surgery is resection of the mesial structures of the temporal lobe with minimal complications and no deaths. Although several studies of MTLE surgery indicate that seizures are resolved for as many as 75%-90% of adequately chosen candidates, 12, 14, 19, 25 misconceptions and stigmas surrounding epilepsy surgery prevent referral of some patients for early treatment. 4 Schemes for mesial temporal lobe surgery have evolved over the past 20 years. Approaches, exposures, and corridors have changed as neuroimaging, surgical navigation systems, and knowledge of temporal lobe anatomy have improved. Each approach has its own advantages and consequences. In addition, recent advances in technology have resulted in multimodal approaches to the control of epilepsy, such as Gamma Knife radiosurgery 1,2 and laser ablation therapy. 6 Over the past 14 years, refinements have been made to temporal lobe resection and amygdalohippocampectomy with the ITG approach. 7, 21 This approach involves gaining selective exposure by creating a small craniotomy with a cortical trajectory through the ITG. We describe the postsurgical complications that can occur when this approach is used to treat mesial temporal lobe pathology. These results should help with quantification of the risks and complications of this technique and should be useful for evaluation of various surgical modalities of treatment for medically refractory MTLE.
Complications after mesial temporal lobe surgery via inferior temporal gyrus approach
Methods
This report was approved by the institutional review board, and patients provided informed consent.
Since 1998, a prospective database has been established for all patients surgically treated for medically refractory epilepsy at the University of South Florida. This study included all patients who underwent mesial temporal lobe resection via an inferior temporal gyrus corridor and who agreed to at least 6 months of follow-up. Before surgery, all patients underwent a standardized preoperative workup that included long-term video electroencephalography monitoring, high-resolution 1.5-T or 3-T MRI with attention to temporal lobes, PET/SPECT, and the Wada test. Indication for surgery and side of surgery were determined by the above workup and discussion among neurosurgeon, neurologist, and neuroradiologist. This collection of data was approved by the university hospital's institutional review board and was performed in accordance with requirements of the Health Insurance Portability and Accountability Act of 1996.
The data analyzed included patient sex, age at surgery, side of surgery, and MRI findings before surgery. Patients with the following MRI findings were included in this study: presence or absence of mesial temporal sclerosis, benign brain tumors, vascular lesions, and other/unknown conditions (revisions of surgeries previously performed at another institution). Patients with the following were excluded from this study: high-grade gliomas, cerebral metastasis, and new-onset seizures. Postoperative scans and neurological examination were used to document complications secondary to surgery. Formal visual field testing was not routinely performed postoperatively, but bedside testing results were routinely documented.
The surgery performed for all patients was selective anterior mesial lobe resection and/or lesionectomy via a transcortical inferior temporal gyrus approach (Fig. 1) . 7, 21 The surgical technique has been described in detail and involves a small temporal trephine craniotomy with exposure limited to the middle and inferior temporal gyri. A 6-to 8-cm vertical incision 1 fingerbreadth anterior to the tragus was made. Because the anterior temporal lobe resection was not extensive, exposure to the superior temporal gyrus, sylvian fissure, or frontal lobes was avoided. The goal of surgery was to remove the hippocampus and surrounding structures (parahippocampus) to the level of the superior colliculi through a corticectomy at the level of the ITG. Complete resection of the uncus and partial resection (more than 80%) of the amygdala were also performed. If a lesion (tumor or cavernous malformation) was present, it was resected. All lesions were limited to the anteromesial temporal lobe. Neuronavigation was routinely used for these cases. Intravenous cefazolin and 10 mg of intravenous dexamethasone were given at the start of the operation. Mannitol was given as needed for brain relaxation (25-50 g; single dose). Mild hypocapnia (PCO 2 28-32 mm Hg) was routinely induced at the beginning of the intervention, but PCO 2 was normalized after CSF drainage was achieved. Dural closure was intended to be watertight; dural sealant was added as necessary. The senior author (F.L.V.) performed all surgeries. After surgery, all patients were monitored in the neuroscience intensive care unit, postoperative head CT was performed within 24 hours, and complete neurological assessment and follow-up brain MRI were conducted at 3 months. No patient was lost to follow-up.
Statistical analyses were performed to identify factors that influence rates of complication. Data were stored on an Excel spreadsheet. For calculations involving age, logistic regression (2-tailed) analyses were conducted by using the R statistical computing program. For calculations not involving patient age, VassarStats was used to conduct a 2-tailed Fisher exact test. Alpha was set to 0.05.
Results
A total of 483 eligible patients who had undergone selective anterior mesial temporal lobe resection through an ITG approach for MTLE (confirmed through a standardized protocol) were identified. The mean patient age was 36.7 years (youngest 4 years and oldest 75 years); 166 patients (34.3%) were younger than 30, 121 (25.0%) were 30-39, 121 (25.0%) were 40-49, 58 (12.0%) were 50-59, and 17 (3.5%) were older than 60 years of age (Table 1) . Of the 483 patients, 247 (48.9%) were female and 236 (51.1%) were male. Brain MR images showed no lesions in 180 patients (37.3%); mesial temporal sclerosis was found in 233 patients (48.2%), a benign brain tumor lesion in 29 (6.0%), cavernous hemangioma in 10 (2.07%), and unknown pathology in 31 (6.42%) (first surgery was performed at another institution and limited documentation was available).
A total of 13 complications (2.7%) were associated with this surgical approach ( Table 2 ). The complications were 8 subdural hematomas (1.6%), 2 superficial wound infections (0.4%), 1 delayed intracranial hemorrhage (0.2%), 1 small lacunar stroke (0.2%), and 1 case of partial frontalis nerve palsy (0.2%). Three patients (0.6%) with subdural hematoma required readmission to the hospital and surgical intervention. One patient with delayed intracranial hemorrhage in the surgical site was readmitted to the neuroscience intensive care unit for observation. No deaths or severe neurological impairment were reported.
Overall, the most common complication was delayed subdural hematoma. Of the 8 patients with subdural hematoma, 6 had persistent headaches, 1 had transient confusion, and 1 patient was asymptomatic (subdural hematoma discovered during the 3-month follow-up MRI). All subdural hematomas were located at the cranial convexity, ipsilateral to the surgery site (Fig. 2) . Of these 8 patients, 7 had chronic subdural hematoma and 1 had subacute subdural fluid collection; 7 (87.5%) were older than 40 years. Three patients, who had experienced mass effect and persistent symptoms, underwent surgical removal of the subdural hematoma and were sent home without neurological deficit.
The second most common complication was superficial wound infection. Of the 2 patients (0.4%) with wound infection, 1 underwent wound revision and both required long-term antibiotics. Both wounds healed quickly and without long-term disfigurement.
Complications did not differ significantly among groups. Fisher exact test indicated no significant difference in complication rate between male and female patients (p = 0.40) or between left-sided and right-sided pathology (p = 0.78). Preoperative MRI findings also did not play a role in the surgical complication rate, unless the pathology included a benign tumor (p = 0.04). However, we believe that this finding most likely represents a Type 1 error because of the small number of tumor cases in this series. Other radiographic findings that did not contribute to the rate of complications were cavernomas (p = 1.0), mesial temporal sclerosis (p = 0.57), no lesions on MR images (p = 1.0), and other (p = 0.61).
Although most complications occurred in patients older than 30 (76.9%) and 40 (61.5%) years, age did not contribute significantly to the complications (p = 0.134 and p = 0.193, respectively). The rate of complications was not statistically significant for those in the oldest age groups, older than 50 (p = 0.43) and older than 60 years (p = 0.486).
Discussion
Surgery is an effective treatment for medically refractory epilepsy. 25 Among patients with MTLE and mesial temporal sclerosis, surgery reduced seizures for approximately 75%. 3, 12, 19, 23 Although this surgery is considered safe and effective, it is not free of complications. Surgical intervention has changed and will continue to change for the foreseeable future because of advances in neuroimaging, neuronavigation, and anesthesia. In addition, newer techniques have expanded the surgical armamentarium of epilepsy surgeons. When recommending surgery, it is necessary to understand and quantify the risks and complications associated with each technique. For a more accurate representation, surgical outcomes and complications need to be completely reevaluated.
The transcortical approach is a known surgical technique for treating mesial temporal pathology. Historically, the approach has required extensive neocorti- 17, 19 Access to the mesial temporal lobe structures through an ITG approach have been described 7, 21 and have resulted in long-term seizure control for approximately 80% of patients with mesial temporal sclerosis 12 and 55% with no lesions on MR images. 22 Understanding the complications of this technique is imperative for education of patients and caregivers.
The total complication rate for our technique was 2.7%, which compares favorably with the currently reported 2.9%-8.4%. 3, 13, 14, 16, 18 Differences in surgical techniques, pathology, and categorization make these results difficult to compare. Complications are usually categorized as surgical or neurological but sometimes as major or minor. The type of complications that cause the most fear and concern for patients and their families are the neurological complications. Our rate of permanent neurological complications was 0.2%, which is analogous to other documented rates (0.1%-2.0%). 3, 13, 16, 18 The most common permanent neurological complication described in the literature is hemiparesis. Major hemiparesis was not reported in our series of MTLE cases, probably because our surgical route does not require manipulation of the middle cerebral artery branches in the sylvian fissure. However, injury to the anterior choroidal artery is a potential risk with resection of the mesial structures. 9 Our single case of monoparesis was most likely the result of an embolic distal branch occlusion. To prevent injury to the vasculature, it is essential to minimize brain retraction and manipulation and to preserve the pial plane against the brainstem and surrounding structures. We did not see any case of transient hemiparesis, which has been described as a complication of this procedure. 3, 13 Less commonly, dysphasia has been documented after resection of the dominant temporal lobe. 15 However, no permanent aphasia was reported after our approach. Nevertheless, occasional transient dysphasia is seen after resection of the dominant temporal lobe, but it usually resolves within 48 hours. The most likely explanation for the lack of permanent aphasia is the limited neocortical resection with this technique. Ojemann et al. elegantly demonstrated that individual variability in language localization among patients might occur; but more significantly, in their study, none of the language centers were localized within the ITG. 11 This advantage allows the ITG approach to be used for resection of dominant and nondominant temporal lobes.
Visual field defects, particularly superior quadrant defects, might occur after temporal lobe resection. Major quadrantanopia has been documented for 2%-4% of patients. 3, 13 This complication can result from injury to the Meyer loop as it courses through the roof of the lateral ventricle. A major limitation of this study, and most of the literature, is the lack of formal visual field testing. The healthcare industry limits this type of evaluation in the absence of clinically significant symptoms. All patients reported here underwent a detailed neurological assessment, and no major visual field defects were detected to confrontation. We understand that minor, nonclinical significant injury to the Meyer loop might occur in this patient population. To minimize this complication, we recommend approaching the ventricle anteriorly and through the floor. In addition, limiting the extent of the ventricular opening will result in fewer complications. Palsy of the third cranial nerve is another uncommon complication of mesial temporal lobe resection (reportedly less than 1%). 3 This complication most likely results from transpial manipulation of the nerve. Fortunately, we did not see this complication during the follow-up period.
The most common complication in our series was development of subacute and chronic subdural hematoma. Evacuation of symptomatic subdural fluid collection was needed by 3 patients because of persistent mass effect. No permanent complications resulted from this intervention. Early in our experience, we hypothesized that liberal use of mannitol and aggressive hyperventilation resulted in higher incidence of this problem. However, ventricular opening has been associated with distant hemorrhagic complications. 5, 26 Stretching of the subdural veins is the most likely explanation. Risk is higher for patients older than 40 years who undergo mesial temporal lobe resection, although our results are not statistically significant (p = 0.193). In addition, for 1 patient, delayed intracranial hemorrhage developed within the surgical cavity; the patient was readmitted to the intensive care unit for observation and no further intervention was required. No long-term morbidity resulted from this complication. No cases of transient cerebral edema were documented. Epidural hemorrhages also have been described 18 ; however, we did not identify any case with significant epidural collection, probably because our technique uses a small bone flap and minimal epidural dissection to access the mesial temporal lobe structures. In addition, we did not identify any cases with postoperative CSF leakage, which might be explained by the small craniotomy size, meticulous dural closure (with occasional use of dural sealant), and detailed approximation of the temporalis muscle.
The most common epilepsy surgery complication reported in the literature is wound infection. 3, 18 Among the patients reported here, 2 had superficial wound infections; 1 required wound revision and both required prolonged intravenous antibiotic therapy. We routinely give prophylactic intravenous antibiotics for 24 hours, but other authors do not use them regularly; with regard to antibiotic prophylaxis, complications do not differ significantly.
18
Transient frontalis nerve palsy developed in 1 patient in our series. The most plausible explanation is aggressive dissection and retraction of the soft tissue during the initial exposure. This cosmetic complication can be eliminated by attention to detail and recognition of the location of the frontalis nerve branch. For the patient reported here, the nerve palsy resolved within 6 weeks with no long-term morbidity.
Our results demonstrate that this surgery is safe and effective but that complications do occur, especially in older patients. Our findings emphasize the importance of early referral for surgical treatment for patients with medically refractory epilepsy. Complications after temporal lobe resection for epilepsy are few. 10 Our results support the notion that sex, race, and income are not predictive of postsurgical complications. 10 In addition, complications did not differ significantly according to histopathology or side of surgery. Nevertheless, for minimizing postsurgical complications, detailed knowledge of microsurgical anatomy is imperative. 24 We acknowledge the limitations of a single-center, retrospective study (such as unblinded evaluators) and therefore recommend further studies to corroborate our findings. In addition, postoperative formal visual field testing would provide useful information, but current healthcare limitations prevent its being performed on a consistent basis. Neuropsychological complications, which might substantially affect quality of life, are not addressed in detail in this article. This series represents a fairly homogeneous group of patients with MTLE who underwent selective transcortical resection of the mesial temporal lobe. These data can be useful for comparison as new alternative techniques for the treatment of medically refractory MTLE become more accessible for this population.
Conclusions
Epilepsy surgery is safe and effective. Mortality and morbidity rates after epilepsy surgery are lower than those after other common neurosurgical procedures. Advances in operative techniques, anesthesia, and perioperative management have decreased the risk for complications. Nevertheless, postsurgical complications can occur. Risks and benefits should be quantified and shared with patients before surgery. However, because complications are more common among older patients, patients with medically refractory epilepsy should be referred for surgical treatment early. Obviously, detailed knowledge of the microsurgical anatomy and surgical experience play a major role in minimizing morbidity in this group of patients.
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